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(54) Method for driving a plasma display panel 

(57) The present invention provides a method for 
driving a plasma display panel that provides improved 
display quality. A reset step is executed for generating 
discharge for initializing all discharge cells into light- 
emitting cells only by a SF of the head portion of the SF 
group comprising a plurality of SFs (sub-fields) within a 
display period of one field. Then, pixel data pulses are 
applied to column electrodes and scan pulses are 
applied to a plurality of row electrodes in order to gener- 
ate discharge for setting discharge cells to non-light- 
emitting celts in any one of the SFs of the SF group. 
Moreover, discharge is generated for causing only the 
light-emitting cells to emit light in the respective SFs of 
the SF group only for a period corresponding to the 
weight of the SR Additionally, respective SFs in the SF 
group are divided into a plurality of groups in accord- 
ance with the pulse waveforms of the scan pulses within 
respective SFs. Furthermore, at least one of the values 
of the pulse width and the pulse voltage of the scan 
pulse of the SF belonging to a first group including at 



least the head SF of the SF group is set larger than 
respective values of the scan pulse of a SF belonging to 
another group. In a second embodiment, the aforemen- 
tioned reset step and the pixel data writing step for gen- 
erating discharge for setting. the discharge cells to non- 
light-emitting cells in any one of the SFs in one field are 
executed. The light-emission sustaining step is exe- 
cuted where sustain pulses are applied to row elec- 
trodes alternately and sequentially in order to generate 
discharge for causing only the light-emitting cells to emit 
light in respective SFs within one field only for a period 
corresponding to the weight assigned to the SF Finally 
at least one of the values of the pulse width and pulse 
voltage of the sustain pulse to be applied finally at the 
light-emission sustaining step is set larger than ttie 
value of the pulse width and the pulse voltage of the 
sustain pulse to be applied at some midpoint in the 
same light-emission sustaining step. 
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Description 

BACKGROUND OF THE INVENTION 
1 ■ Field of the Invention 

[0001 ] The present invention relates to a method for 
driving a plasnna display panel (hereinafter designated 
TDP") which employs a matrix display scheme. 

2. Description of Related Art 

[0002] As a type of PDF employing such a matrix 
display scheme, known is an AC (alternating current 
discharge) type PDF. 

[0003] The AC type FDP comprises a plurality of 
column electrodes (address electrodes) and a plurality 
of row electrodes, orthogonal to the column electrodes, 
and a pair of row electrodes forming a scan line. Each of 
these row and column electrodes is coated with a die- 
lectric layer exposed to a discharge space, and an inter- 
section of a row electrode and a column electrode 
define a discharge cell corresponding to one pixel. 
[0004] With this construction, PDF operates by dis- 
charge phenomenon and thus the aforementioned dis- 
charge cell has only two states, that is, a "light-emitting" 
state and a "non-light-emitting" state. Accordingly, in 
order to implement brightness display of halftone with 
such a PDF, a sub-field method is employed. According 
to the sub-field method, the period of one field is divided 
into N sub-fields and each of the sub-fields is assigned 
with a light emitting period (the number of light emis- 
sions) corresponding to the weight assigned to each bit 
digit of pixel data (N bits) for light-emission. 
[0005] For example, as shown in Fig. 1 , in the case 
where one field period is divided into 6 sub-fields, SF1 
through SF6, light Is emitted with the following ratio of 
light emission periods. That is. 



SF1 
SF2: 
SF3 
SF4 
SF5 
SF6 



1 

2 

4 

8 

16 

32 



[0006] For example, when the discharge cell is to 
emit light at brightness "32", only SF6 of sut>-fields SF1 
through SF6 is allowed for emitting tight For light emis- 
sion at brightness "31", sub-fields SF1 through SF5, 
except for sub-field SF6. are caused to emit light This 
enables brightness expression with 64 levels of half- 
tone. 

[0007] In cases where the discharge cells are 
caused to emit light at brightness "32" and at "31", light 
emission drive patterns are inverse with each other in 
one field period. That is, within one field period, during 
the period when the discharge cells that are to emit light 
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at brightness "32" are emitting light, the discharge cells 
that are to emit light at brightness "31" are in a "non- 
light-emitting" state. On the other hand, during the 
period when the discharge cells that are to emit light at 
brightness "31" are emitting light, the discharge cells 
that are to emit light at brightness "32" are in a "non- 
light-emitting" state. 

[0008] Therefore, presence of a region where a cell 
that is to emit light at brightness "32" is adjacent to a cell 
that is to emit light at brightness "31" may cause a 
quasi-contour to be noticed in this region. That is, sup- 
pose that line of sight from the cell that is to emit light at 
brightness "32", immediately before the cell changes 
from the non-light-emitting state to the light-emitting 
state, is moved to the cell that is to emit tight at bright- 
ness "31 ". In this case, only the non-light-emitting state 
of both cells is continuously viewed, thereby causing a . 
dark line to be viewed on the boundary of both. There- 
fore, this dark line appears on the screen as a quasi- 
contour that has nothing to do with pixel data, thereby 
degrading the display quality. 
[0009]. Furthermore, as mentioned above, PDF 
employs discharge phenomenon and thus discharge 
(accompanying light emission) which has nothing to do 
with the contents of the display being be performed. 
This also presented a problem in that the contrast of pic- 
ture images is degraded. Still furthermore, at present, 
there is a general theme of innplementing low power 
consumption in manufacturing such FDR 

OBJECT AND SUMf^/IARY OF THE INVENTION 

[0010] The present invention has been developed 
to solve the aforementioned problems. Its object is to 
provide a method for driving a plasma display panel that 
can provide improved contrast at low power consump- 
tion while preventing quasi contours, and improved dis- 
play quality by stabilizing selection discharge. 
[0011] The method for driving a plasma display 
panel, according to a first aspect of the present inven- 
tion, is characterized in that the plasma display panel 
comprises pairs of row electrodes arrayed for each scan 
line and a plurality of column electrodes arrayed inter- 
secting the respective row electrodes, wherein respec- 
tive discharge cells are formed corresponding to 
respective pixels at respective intersections of pairs of 
the row electrodes for the respective scan lines and the 
plurality of column electrodes and wherein N sub-fields 
form a display period of one field, with M (2 ^ ^ N) 
sub-fields occurring successively within the N sub-fields 
being taken as a sub-field group; executed are a reset 
process for generating discharge for initializing all the 
discharge cells into a light- emitting cell state only in the 
head sub-field in the sub-field group, a pixel data write 
process for applying pixel data pulses to the column 
electrodes for generating discharge to set the discharge 
cells to non-light-emitting cells in any one of the sub- 
fields within the one field and for applying scan pulses to 
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one of the pair of row electrodes in synchronization with 
the pixel data pulses, and a light- emission sustain proc- 
ess for generating discharge for causing only the light- 
emitting celts to emit light only for a light-emission 
period corresponding to a weight of the sub-field in 5 
respective sub-fields within the sub-field groups; and 
sub-fields of a plurality of sub-groups classified accord- 
ing to waveforms of the scan pluses of respective sub- 
fields exist in said sub-field group and at least one of the 
pulse widths and pulse voltages of the scan pulses 
within sub-fields belonging to a first sub-group including 
at least a head sub-field of the sub-field group is set 
larger than respective values of the same of the scan 
pluses within a sub-field belonging to another sub- 
group. 

[0012] The method for driving a plasma display 
panel, according to a second aspect of the present 
invention, is characterized in that the plasma display 
panel comprises pairs of row electrodes arrayed for 
each scan line and a plurality of column electrodes 
arrayed intersecting the respective row electrodes, 
wherein respective discharge cells are formed corre- 
sponding to respective pixels at respective intersections 
of pairs of the row electrodes for the respective scan 
lines and the plurality of column electrodes, and 
wherein N (N is an integer equal to 2 or more) sub-fields 
form a display period of one field; executed are a reset 
process for generating discharge for initializing all the 
discharge cells into a light-emitting cell state only in the 
head sub-field in the one field, a pixel data write process 
for applying pixel data pulses to the column electrodes 
for generating discharge to set the discharge cells to 
non-light-emitting cells in any one of the sub-fields 
within the one field and for applying scan pulses to one 
of the pair of row electrodes in synchronization with the 
pixel data pulses, and a light-emission sustain process 
for applying sustain pulses to the row electrodes alter- 
nately and sequentially in order to generate discharge 
for causing only the light-emitting cells to emit light only 
for a light-emission period corresponding to a weight of 
the sub-field in respective sub-fields within the one field; 
and at least one of the pulse widths and pulse voltages 
of the sustain pulse to be applied finally at the light- 
emission sustaining process is set larger .than the pulse 
width and pulse voltage of the sustain pulse to be 
applied at some midpoint in the same light-emission 
sustaining process. 

[0013] The method for driving a plasma display 
panel, according to a third aspect of the present inven- 
tion, is characterized in that the plasma display panel 
comprises pairs of row electrodes arrayed for each scan 
line and a plurality of column electrodes an^yed inter- 
secting the respective row electrodes, wherein respec- 
tive discharge cells are formed corresponding to 
respective pixels at respective intersections of pairs of 
the row electrodes for the respective scan lines and the 
plurality of column electrodes, and wherein N (N is an 
integer equal to 2 or more] sub-fields form a display 



period of one field into, with M (2_...M_...N) sub-fields 
occurring successively within the N sub-fields being 
taken as a sub-field group; executed are a reset process 
br generating discharge for initializing all the discharge 
cells into a light-emitting cell state only in the head sub- 
field in the sub-field group, a pixel data write process for 
applying pixel data pulses to the column electrodes for 
generating discharge to set the discharge celts to non- 
light-emitting cells in any one of the sub-fields within the 
sub-field group and for applying scan pulses to one of 
the pair of row electrodes in synchronization with the 
pixel data pulses, and a light-emission sustain process 
for applying sustain pulses to the row electrodes alter- 
nately and sequentially in order to generate discharge 
for causing only the light-emitting cells to emit light only 
for a light-emission period corresponding to a weight of 
the sub-field in respective sub-fields within the sub-field 
group; and at least one of the pulse widths and pulse 
voltages of the sustain pulse to be applied finally at 
respective light-emission sustaining processes in tfie 
sub-field group is set larger than the pulse widths and 
pulse voltages of the sustain pulse to be applied at 
some midpoint in the same light-emission sustaining 
process. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Rg. 1 is a view showing a conventional light-emis- 
sion drive format for innplementing display with 64 
levels of halftone; 

Fig. 2 is a view showing the configuration in outline 
of a plasma display device br driving a plasma dis- 
play panel in accordance with the drive method of 
the present invention; 

Fig. 3 is a view showing the light emission drive br- 
nrmt employing a selective erasing drive method; 
Rg. 4 is a view showing an example of application 
timing of various drive pulses to be applied to PDF 
10; 

Rg. 5 is a view showing another example of appli- 
cation timing of various drive pulses to be applied to 
PDP10; 

Rg. 6 is a view showing an example of a pattern of 
light-emission drive to be performed in accordance 
with the light-emission drive format shown in Fig. 3; 
Rg. 7 is a view showing an example of application 
timing of various drive pulses to be applied to PDP 
10; 

Rg. 8 is a view showing another example of appli- 
cation timing of various drive pulses to be applied to 
PDP 10; 

Rg. 9 is a view showing an exanrple of application 
timing of various drive pulses to be applied to PDP 
10; 

Rg. 1 0 is a view showing an example of application 
timing of various drive pulses to be applied to PDP 
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10; 

Fig. 11 is a view showing the internal configuration 
of data conversion circuit 30; 
Fig. 12 is a view showing the internal configuration 
of ABL circuit 31; 

Fig. 13 is a view showing the conversion character- 
istics of the data conversion circuit 312; 
Fig. 14 is a view showing the relationship between 
the brightness mode and the period of light-emis- 
sion performed during light-emission sustaining 
process at each sub-field; 
Fig. 15 Is a view showing the conversion character- 
istics of the first data conversion circuit 32; 
Fig. 16 is a view showing an exarhple of a conver- 
sion table of the first data conversion circuit 32; 
Fig. 17 is a view showing an example of a conver- 
sion table of the first data conversion circuit 32; 
Fig. 18 is a view showing the internal configuration 
of multi-level gray scale processing circuit 33; 
Fig. 19 is an explanatory view showing the opera- 
tion of error diffusion processing circuit 330; 
Fig. 20 is a view showing the internal configuration 
of dither processing circuit 350; 
Fig. 21 is an explanatory view showing the opera- 
tion dither processing circuit 350; 
Fig. 22 is a view showing all patterns of light-emis- 
sion drive to be performed in accordance with the 
light-emission drive format shown in Fig. 3 and an 
example of a conversion table to be used by the 
second data conversion circuit 34 for performing 
this light-emission drive; 

Fig. 23 is a view showing another example of a 
light-emission drive format when the selective eras- 
ing drive method is used; 

Fig. 24 is a view showing an example of a conver- 
sion table to be used by the first data conversion cir- 
cuit 32 for performing light-emission drive in 
accordance with the light-emission drive format 
shown in Fig. 23; 

Fig. 25 is a view showing an example of a conver- 
sion table to be used by the first data conversion cir- 
cuit 32 for performing light-emission drive in 
accordance with the light-emission drive format 
shown in Fig. 23; 

Fig. 26 is a view showing all patterns of light-emis- 
sion drive to be performed in accordance with the 
light-emission drive format shown in Fig. 23 and an 
example of a conversion table to be used by the 
second data conversion circuit 34 for performing 
this light-emission drive; 

Fig. 27 Is a view showing a light-emission drive pat- 
tern in accordance with the drive method of the 
present irwention; 

Fig. 28 is a view showing another example of a 
light -emission drive pattern in accordance with the 
drive method of the present invention; 
Fig. 29 is a view showing another example of a 
light-emission drive pattern in accordance with the 



drive method of the present invention; and 
Fig. 30 is a view showing another example of a 
light- emission drive pattern in accordance with the 
drive method of the present invention. - 

5 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIf^ENTS 

[0015] The embodiments of the present invention 
10 will be explained in detail below with reference to the 
drawings. 

[0016] Fig. 2 is a view showing the configuration in 
outline' of a plasma display device for driving a plasma 
display panel (hereinafter designated "PDP") to allow it 
15 to emit light in accordance with the drive method of the 
present invention. 

[0017] In Fig. 2, the A/D converter 1 samples an 
analog input video signal in response to a clock signal 
supplied by the drive control circuit 2 to convert the 

20 video signal into, for example, 8-bit pixel data (input 
pixel data) D for each pixel. Then the data is supplied to 
the data conversion circuit 30. 
[0018] The drive control circuit 2 generates clock 
signals for the aforementioned A/D converter 1 and 

25 write/read signals for the memory 4 in synchronization 
with the horizontal and vertical synchronizing signals 
included in the aforementioned input video signal. Fur- 
thermore, the drive control circuit 2 generates various 
timing signals for controllably driving each of address 

30 driver 6, the first sustain driver 7, and the second sus- 
tain driver 8 in synchronization with the horizontal and 
vertical synchronizing signals. 

[0019] The data conversion circuit 30 converts the 
8-bit pixel data D into 14-bit converted pixel data (dis- 
ss play pixel data) HQ which is in turn supplied to the mem- 
ory 4. Incidentally, the conversion operation of the data 
conversion circuit 30 is to be described later. 
[0020] The memory 4 writes sequentially the con- 
verted pixel data HD mentioned above in accordance 
40 with write signals supplied by the drive control circuit 2. 
Upon conrpletion of writing data for one screen (n rows 
and m columns) through the write operation, the mem- 
ory 4 reads the converted pixel data HDi^nm fo"* one 
screen by dividing them into each bit digit which is in 
45 turn supplied sequentially to address driver 6 for each 
one line. 

[0021] The address driver 6 generates, in accord- 
ance with the timing signal supplied by the drive control 
circuit 2, m pulses of pixel data having voltages corre- 
50 sponding to respective logic levels of the converted pixel 
data bits for a line which are read from the memory 4. 
These are applied to column electrodes D-j to of 
PDP 10, respectively 

[0022] The PDP 10 comprises the aforementioned 
55 column electrodes Di to D^, as address electrodes, and 
row electrodes to and row electrodes Yi to Yp, 
which are disposed orthogonal to the column elec- 
trodes. In the PDP 10, a pair of a row electrode X and a 
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row electrode Y forms a row electrode corresponding to 
one line. That Is, in the PDP 10, the row electrode pair 
of the first line consists of row electrodes and and 
the row electrode pair of the nth line consists of row 
electrodes and Y^. The aforementioned pairs of row 5 
electrodes and column electrodes are coated with a die- 
lectric layer exposed to a discharge space, and each 
row electrode pair and column electrode are configured 
so as to form a discharge cell corresponding to one 
pixel at their intersection. w 
[0023] In accordance with the timing signal supplied 
by the drive control circuit 2, the first and second sustain 
drivers 7 and 8 generate the various drive pulses 
respectively, which are to be explained below. The 
pulses are in turn applied to the row electrodes to Xp 15 
and Yi to Yp of the PDP 10. 

[0024] Fig. 3 is a view showing the light emission 
drive format employing the drive method of the present 
invention. Additionally, Fig. 4 and Fig. 5 are views show- 
ing the application timing of various drive pulses. The 20 
pulses being applied by the aforementioned address 
driver 6 and the first and second sustain drivers 7 and 8 
to the column electrodes to 0^^ and row electrodes 
Xi to Xp and Y^ to Yp of the PDP 10. respectively, in 
accordance with the light-emission drive format 25 
[0025] In the examples shown in Fig. 3, Rg. 4, and 
Fig. 5, a display period of one field is divided into 14 
sub-fields SFI through SF14 to drive the PDP 10. In 
each of the sub-fields, performed are the pixel data 
write process Wc for writing pixel data to each dis- 30 
charge cell of the PDP 10 for setting light-emitting and 
non-iight-emitting cells and the light-emission sustain 
process )c for sustaining light-emission of only the 
aforementioned light-emitting celts. Additionally, only in 
the head sub-field SFI , the simultaneous reset process 35 
Rc for initializing all discharge cells of the PDP 10 is per- 
formed and the erase process E is executed only In the 
last sub-field SFI 4. 

[0026] in the foregoing, in the aforementioned 
simultaneous reset process Rc, the first and second 40 
sustain drivers 7 and 8 apply simultaneously the reset 
pulses RPx and RPy shown in Fig. 4 and Fig. 5 to the 
row electrodes Xi to Xp and Yi to Yp of the PDP 10. 
respectively. This will cause all discharge cells of the 
PDP 10 to be reset and discharge, forming a predeter- 45 
mined uniform wall charge In each of the discharge 
cells. This will turn all discharge cells of the PDP 10 to 
light-emitting cells that are sustained under the light- 
emission state at the light-emission sustain process, 
vt^ich is to be described later. so 
[0027] In each pixel data write process Wc, the 
address driver 6 applies sequentially pixel data pulse 
groups DPI1 ^ n. DP2i ^ „, DPS^ ^ „, DPU^ ^ n fc"' 
respective lines to the column electrodes D^ to D^ as 
shown in Rg. 4 and Fig. 5. That is, in the sub-field SFI . ss 
the address driver 6 applies sequentially a pixel data 
pulse group DPI ^ ^ „ to the column electrodes D^ to D^ 
for each one of the lines to the column electrodes Di to 



D^J^ as shown in Fig. 4 and Fig. 5, said pixel data pulse 
group DP1 1 ^ n con-esponding to each of the first to the 
nth line and being generated in accordance with the first 
bit of each of the aforementioned converted pixel data 
HDii.nm- Moreover, in the sub-field SF2. the address 
driver 6 applies sequentially a pixel data pulse group 
DP2i ^ n to the column electrodes D^ to for each one 
of the lines to the column electrodes D^ to D^ as shown 
in Fig. 4 and Fig. 5, said pixel data pulse group DP2i ^ 
n being generated in accordance with the second bit of 
each of the aforementioned converted pixel data HD^ ^ 
njp. At this time, the address driver 6 generates high- 
tension pixel data pulses to apply them to the column 
electrodes D only when the bit logic of the converted 
pixel data is, for example, a logic level of T. The sec- 
ond sustain driver 8 generates the scan pulses BP 
shown in Fig. 4 and Fig. 5 to apply them in sequence to 
the row electrodes Y.t to Y^ at the same timing as the 
application timing of each of the pixel data pulse groups. 
At this time, discharge (selective erasing discharge) is 
caused only at the discharge ceils located at the inter- 
sections of the "lines" to which the scan pulse SP is 
applied and the "columns" to which a high-tension pixel 
data pulse is applied. The wall charges ren^ining within 
the discharge ceils are selectively erased. The selective 
erasing discharge causes the discharge cells that have 
been initialized into the light-emitting status at the afore- 
mentioned simultaneous reset process Rc to change to 
the non-ilght-emitting state. 

[0028] Incidentally, no discharge is generated in the 
discharge cells that are formed in the "columns" to 
which the aforementioned high-tension pixel data pulse 
has not been applied but the state of being initialized at 
the aforementioned simultaneous reset process Rc, that 
is, light-emitting state is sustained. 
[0029] That is, executing the pixel data write proc- 
ess Wc causes the light-emitting cells where the light- 
emitting state is sustained at the light-emitting sustain 
process which is to be described later and the non-light- 
emitting cells where an off state remains to be set alter- 
natively in accordance with pixel data. That is, pixel data 
is written to each of the discharge cells. 
[0030] The scan pulses SP are generated for each 
of the sub-fields SFI through SF14 in the order of the 
row electrodes Y^ to Yp. The pulse width of the scan 
pulses SP is the largest in the sub-field SFI and 
becomes smaller in subsequent sub-fields over time 
with the width being the smallest in the sub-field SFI 4. 
That is, as shown in Fig. 4 and Rg. 5. supposing that the 
pulse widths of the scan pulses SP corresponding to 
resjDective sub-fields SFI through SFI 4 be Tal through 
Ta14, then the following relationship holds. Namely. 
Tal > Ta2 > Ta3 > Ta4> ... > Tal2 > Ta13 > Ta14 
[0031] Furthermore, Fig. 4 is also a view showing a 
first aspect of the present invention. Suppose that SFI 
Is the first group (sub-group) of the sub-field, SF2 the 
second group (second sub-group) of sub-field. SF3 the 
third group (third sub-group) of sub-field ... SFI 4 the 
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14th group (Uth sub-group) of sub-field. The pulse 
width of the scan pulses SP in the first group (first sub- 
group) of sub-field SF1 , that is, the head sub-field, is set 
to be larger than that of any other scan pulses in the 
other groups (sub-groups) of sub-fields SF2 through 
SFU. 

[0032] In each light-emission sustain process Ic. 
the first and second sustain drivers 7 and 8 apply the 
sustain pulses IPx and IPy to the row electrodes to 
Xp and Yi to as shown in Fig. 4 and Fig. 5, At this 
time, there are discharge cells where wall charges 
remain by the aforementioned pixel data write process 
Wc. that is, the light-emitting cells repeat discharge and 
light-emission to sustain their light-emitting states over 
the period of application of the sustain pulses IPx and 
IPy thereto. Incidentally, the sustain periods of light- 
emission performed at such light-emission sustain proc- 
ess Ic are different depending on each sub-field as 
shown in Fig. 3 

[0033] That is, when the light-emitting period is 
equal to at the light-emission sustain process Ic of 
the sub-field SF1 , the other sub-fields are set as follows: 



SF1: 1 
SF2: 3 
SF3: ' 5 
SF4: 8 
SF5: 10 
SF6: 13 
SF7: 16 
SF8; 19 
SF9: 22 
SF10: 25 
SF11: 28 
SF12: 32 
SF13: 35 
SFU: 39 

[0034] That is, the ratios of the number of iight- 
emissions of respective sub-fields SF1 through SFU 40 
are set so as to be non-linear (i.e., inverse Gamma ratio, 
Y=X^"^ ). This is to compensate for the non-linear char- 
acteristics (Gamma characteristics) of input pixel data 
D. 

[0035] In the example shown in Fig. 5, the pulse 45 
width T3X1 of the sustain pulse IPxi which is applied 
first to the row electrodes Xi to Xn in each of the sub- 
fields SF1 through SFi4 is made larger than any pulse 
widths T SX2 '^sxi of the subsequent sustain pulses 
IPx2 to IPxj Moreover, the pulse width Tgyj of the sus- so 
tain pulse tPyj which is applied finally to the row elec- 
trodes Yi to Yp in each of the sub-fields SFI through 
SFU is made larger than any pulse widths T syi to Tsyj. 
1 of the previous sustain pulses IPyi to IPyi-i- 
[0036] Furthermore, as shown in Rg. 4 and Fig. 5, 55 
in the erase process E of the last sub-field, the address 
driver 6 generates an erase pulse AP to apply it to 
respective column electrodes ^ j^. The second sus- 
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tain driver 8 generates the erase pulse EP simultane- 
ously at the application timing of such erase pulse AP to 
app\y it to respective row electrodes Y^ to Y^. This 
simultaneous application of the erase pulses AP and EP 
causes erase discharge to be generated in all discharge 
cells of the PDP 10, allowing wall charges remaining 
within all discharge cells to disappear. That is, such 
erase discharge turns all discharge cells to non-light- 
emitting cells in the PDP 10. 

[0037] Fig. 6 is a view showing all patterns of light- 
emission drive to be performed in accordance with the 
light-emission drive formats shown in Fig. 3. Fig. 4, and 
Fig. 5. 

[0038] As shown in Fig. 6. the selective erase dis- 
charge is performed (shown with black circles) for 
respective discharge cells only at the pixel data write 
process Wc in one sub-field of the sub-fields SF1 
through SFU. That is, the wall charges formed within all 
discharge . cells of the PDP 10 by the execution of the 
simultaneous reset process Rc remain until the afore- 
mentioned selective erase discharge is performed. The 
charges promote discharge light-emission (shown with 
white circles) at the light-emission sustain process Ic 
present over that period in respective sub-fields SF. 
That is, each of the discharge cells acts as light-emitting 
cells within one field period until the aforementioned 
selective erase discharge is performed. The discharge 
cell continues light-emission at the' ratio of the light- 
emission periods shown in Fig. 3 at the light-emission 
sustain process Ic present over that period in respective 
sub-fields. 

[0039] At this time, as shown in Fig. 6, the nunnber 
of frequencies at which respective discharge cells 
change from a light-emitting cell to a non -light-emitting 
cell is made equal to one or less In one field period with- 
out exception. That is, in one field period, such a light- 
emitting drive pattern is prohibited that allows a dis- 
charge cell that has been set to a non-ltght-emitting cell 
to be restored again to a light-emitting cell. 
[0040]' Accordingly, the aforementioned simultane- 
ous reset operation that accompanies Intense light- 
emission in-espective of no involvement in displaying 
picture images may be performed once in one field 
period as shown in Fig. 3. Fig. 4. and Fig. 5, thereby 
allowing to prevent degradation in contrast. 
[0041] Furthermore, the selective erase discharge 
is performed only once at most within one field period as 
shown with the black circles of Fig. 6, thereby allowing 
to reduce power consumption thereof. 
[0042] Still furthermore, as shown In Fig. 6, no such 
a light-emitting pattern exists that allows a period under 
the light-emitting state and a period under a non-light- 
emitting state to be inverted with each other in one field 
period, so that a quasi-contour can be prevented. 
[0043] Furthermore, for the aforementioned scan 
pulses SP, the pulse width thereof is set larger in the 
order of earfier occurrence of the sub-fields SFI 
through SFU. In other words, supposing that SFI is the 
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first group (first sub-group) of sub-field. SF2 the second 
group (second sub-group) of sub-field, SF3 the third 
group (third sub-group) of sub-field ... SFU the 14th 
group (14th sub-group) of sub-fietd, the pulse width of 
the scan pulses SP in the first group (first sub-group) of 
sub-field SF1, that is. the head sub-field, is set to be 
larger than that of any other scan pulses in the other 
groups (sub-groups) of sub-fields SF2 through SFU. 
This is because of the following reason. In the case 
where a sub-field before the sub-field in which the 
selective erase discharge is performed repeats suffi- 
cient light-emission sustain discharge under the light- 
emitting state (under a high-intensity condition), a suffi- 
cient amount of priming particles are present in dis- 
charge spaces and thus the selective erase discharge is 
performed positively. On the other hand, take the case 
where no sub-field under the ilght-emitting state exists 
before a sub-field in which the selective erase discharge 
is performed. Take also another case where a small 
number of sub-fields under the light-emitting state exist 
(where the selective erase discharge is performed in 
sub-fields SF1 or SF2 under a low-intensity condition). 
In these cases, a small number of frequencies of the 
light-emission sustain discharge occur and thus no suf- 
ficient priming particles exist in the discharge spaces. 
Consider the case of the sub-field for the selective erase 
operation under the state in which no sufficient priming 
particles exist in the discharge, cells, in this case, a 
delay in time will be produced until the selective erase 
discharge takes place after the scan pulse SP has been 
applied. This will cause the selective erase discharge to 
be unstable, so that erroneous discharge will occur 
within the period of the sustain discharge and thus dis- 
play quality will be degraded. Accordingly, the pulse 
width of the scan pulse SP is set larger in the order of 
earlier occurrence of the sub-fields SF1 through SFU. 
This assures that the selective erase discharge takes 
place positively during the application of the scan 
pulses SP, thereby allowing to provide stability to the 
selective erase discharge. 

[0044] Still furthermore, in the example of Fig. 5, 
the pulse width Tsyi of the sustain pulse IPyj which is 
applied finally to the row electrodes to Yp in each of 
the sub-fields SF1 through SFU is made larger than 
any pulse widths T syi to Tsyi.i of the previous sustain 
pulses IPyi to IPyhv This will cause the amount of wall 
charges to increase at the time of conptetion of respec- 
tive sub-fields SFI through SFU. Thus, this allows the 
selective erase discharge in the subsequent sub-field to 
prevent, variations in time, thereby allowing the selec- 
tive erase discharge to be stabilized in a far better man- 
ner and the display quality to be improved. 
[0045] Furthermore, as mentioned above, the pulse 
width Tsxi of the sustain pulse IPxi which is applied 
first to the row electrodes X-i to Xp in each of the sub- 
fields SFI through SFU is made larger than any pulse 
widths Tsx2 to Tsxj of the subsequent sustain pulses 
'Px2 to IPxi- This is because no sufficient charged parti- 



cles exist in the discharge spaces at the time of starting 
the light-emission sustain process Ic in some cases and 
thus the first sustain pulse IPx niay cause the sustain 
discharge to be delayed. Therefore, the pulse width 

5 Tsxi of the sustain pulse IPx is made larger to absorb 
the delay in the sustain discharge and thus allow the 
sustain discharge to be performed positively. 
[0046] Furthermore, without changing the pulse 
widths of the respective scan pulses SP and sustain 

10 pulses IPyj. the pulse voltage of the scan pulses SP 
may be set larger in the order of earlier occurrence of 
the sub-fields SFI through SFU as shown in Fig. 7 and 
Fig. 8. Additionally, the pulse voltage \/syi of the sustain 
pulse IPyi which is applied finally to the row electrodes 

15 Yi to Yn in each of the sub-fields SFI through SFU 
may be made larger than any pulse voltages V to 
Vsyi-i of the previous sustain pulses IPyi to IPyi-i. 
Moreover, in this example of each pulse application tim- 
ing, as shown in Fig. 7 and Fig. 8, supposing that the 

20 pulse voltages of the scan pulses SP corresponding to 
respective sub-fields SFI through SFU are Val 
through VaU. the' following relationship holds. Namely, 
Va1 > Va2 > Va3 > Va4> • • • > Va12 > Va13 > VaU 
[0047] In other words, supposing that SF1 is the 

25 first group of the sub-field, SF2 the second sub-field, 
SF3 the third sub-field ... SFU the U the sub-field, the 
pulse width of the scan pulses SP in the first group of 
sub-field SFI , the head sub-field, is set to be larger than 
that of any other scan pulses in the other groups of sub- 
so fields SF2 through SF 1 4. This allows the voltage level of 
the scan pulses SP to become higher than the voltage 
level of the sub-fields subsequent in terms of time even 
■ in the sub-fields SFI or SF2, thereby allowing the selec- 
tive erase discharge to take place positively Inciden- 

35 tally, the example of Fig. 8 is the same as that of the 
application timing of Rg. 5 in that the pulse width Tsxi 
of the sustain pulse IPxi which is applied first to the row 
electrodes Xi to X^ in each of the sub-fields SFI 
through SFU is made larger than any pulse widths T 

40 SX2 to Tsxi of the subsequent sustain pulses lPx2 to 
IPxi. 

[0048] Furthermore, as shown in Fig. 9, both the 
pulse width Tgyj arwl the pulse voltage Vsyj of the sus- 
tain pulse IPy[ which is applied finally to the row elec- 

45 trodes Y^ to Y^ in each of the sub-fields SFI through 
SFU may be made larger than the pulse widths T sy2 
to Tsyi and the pulse voltages V syi to Vsyn of the pre- 
vious sustain pulses IPyi to IPyi-i- Incidentally, like the 
application timing of Fig. 4, the pulse width of the scan 

so pulses SP is set larger in the order of earlier occurrence 
of the sub-fields SF1 through SFU. 
[0049] Furthermore, the pulse widths Tal to TaU 
and pulse voltages Va2 through VaU of the scan pulses 
of respective sub-fields within sub-field groups oonsti- 

55 tuted by the sub-fields SFI through SFU may be set. 
for example, as follows. That is, 
Tal = Ta2 = Ta3 = Ta4 > Ta5 = Ta6 = Ta7 = TaS > Ta9 = 
TalO = Tal 1 = Ta12 = Ta13 = TaU. and 
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Val = Va2 = VaS = Va4 > Va5 = Va6 = Va7 = Va8 > Va9 
= Va10 = Va11 = Val 2 = Va13 = Va14, 
[0050] In this case, the respective sub-fields within 
the sub-field groups constituted by the SF1 through 
SF14 are divided according to the pulse waveform of s 
the scan pulse SP within respective sub-fields into a . 
plurality of groups (sub-groups), that is, a first group 
(first sub-group) including at least the head sub-fields 
constituted by the SFI through SF4. a second group 
(second sub-group) constituted by the SF5 through io 
SF8, and a third group (third sub-group) constituted by 
the SF9 through SFI 4. Additionally, at least one of the 
pulse widths and the pulse voltages of the scan pulse 
SP within the sub-field belonging to the first group is set 
larger than the respective value of the scan pulse within . 75 
the sub-field belonging to the second and third group. 
[0051 ] Fig. 1 0 shows an example of the ap^plication 
timing of various drive pulses to be applied to the PDP 
10. In this application timing, like the application timing 
of Fig. 5, the pulse width of the scan pulse SP is set 20 
larger in the order of earlier occurrence of the sub-fields 
SFI through SF14. Moreover, at the light-emission sus- 
tain process Ic in a sub-field that occurs later chronolog- 
ically in the sub-fields SF1 through SF14 within one 
sut>-field group, for example, in the sub-field SF14, the 2s 
pulse width Tsvi of the sustain pulse IPyj which is 
applied finally to the row electrodes to Y^, is made 
larger than any pulse widths Tsxi to Tsxi-i of the previ- 
ous sustain pulses IPyi to IPy,.i. 

[0052] Furthermore, in the application timing of Fig. 30 
10. at the light-emission sustain process tc in a sub-field 
that occurs earlier chronologically in the sub-fields SFI 
through SF14 within one sub-field group, for example, in 
the sub-fields SFI and SF2, the pulse widths Tgxi to 
Tsxi of the sustain pulses IPxi to IPxi which are applied 35 
to the row electrodes to X^^ and the pulse widths T 
SY1 to TsYi of the sustain pulses IPyi to IPyi which are 
applied to the row electrodes Y^ to Y^ are set larger 
than the pulse width (for example, the pulse widths T 
SY1 to Tsv\'^ of the sustain pulses IPyi and IPyj-i except 40 
for IPyi) of the sustain pulse to be applied in the middle 
to the row electrodes Y^ to Yp of a sub-field which occur 
later chronologically in the sub-fields SFI through 
SFI 4. for example, in the sub-field SFI 4. Incidentally, 
the pulse voltage may be made larger instead of the 45 
pulse width. 

[0053] Incidentally, according to the light-emission 
pattern shown in Fig. 6. an expression with 15 levels of 
halftone with the following light-emitting brightness is 
made possible. That is, so 
{0, 1. 4. 9, 17. 27, 40, 56, 75, 97. 122, 150. 182. 217, 
256} 

However, the pixel data D supplied by the aforemen- 
tioned A/D converter 1 is 8-bit data, that is, the data 
expresses 256 levels of halftone. ss 
[0054] Accordingly, in order to implement display 
with 256 levels of halftone in a pseudo manner by the 
aforementioned 15-le\/el gray scale drive, data conver- . 



sion is performed by means of the data conversion cir- 
cuit 30 shown in Fig. 2. 

[0055] Fig. 11 is a view showing the rriternal config- 
uration of the data conversion circuit 30. 
[0056] In Fig. 1 1 , ABL (automatic brightness con- 
trol) circuit 31 adjusts the brightness level of the pixel 
data D for respective pixels supplied in sequence from 
the A/D converter 1 so that the average brightness of 
the pixels displayed on the screen of the PDP 10 falls 
within the predetermined range of brightness. Then, the 
ABL circuit 31 supplies the brightness adjusted pixel 
data DgL thus obtained to the first data conversion cir- 
cuit 32. 

[0057] Such an adjustment of brightness levels is 
carried out by setting the ratio of the number of frequen- 
cies of light-emissions of sub-fields non-linearly before 
the inverse. Gamma compensation is perfamed. Thus, 
the ABL circuit 31 is configured so as to apply the 
inverse Gamma compensation to the pixel data (input 
pixel data) D and adjust autonnatically the brightness 
level of the aforementioned pixel data D in response to 
the average brightness of the inverse Gamma con- 
verted pixel data thus obtained. This allows for prevent- 
ing degradation of the display quality caused by the 
brightness adjustment. 

[0058] Fig. 12 is a view showing the internal config- 
uration of such an ABL circuit 31. In Fig. 12, the level 
adjustment circuit 310 outputs the brightness adjusted 
pixel data D^i obtained by adjusting the level of the 
pixel data D in response to the average brightness 
determined by the average brightness detection circuit 
311 which is to be described later. The data conversion 
circuit 312 supplies such brightness adjusted pixel data 
Dqi_ which has been converted by the inverse Gamma 
characteristics (Y^X^"^) comprising the non-linear 
characteristics shown In Fig. 13 to the average bright- 
ness detection circuit 311 as the inverse Gamma con- 
verted pixel data Dr. 

[0059] That is, the data conversion circuit 312 
restores the pixel data (the inverse Gamma converted 
pixel data Dr) with the Gamma conrtpensation undone 
and corresponding to an original video signal by apply- 
ing the inverse Gamma compensation to the brightness 
adjusted pixel data Dg|_. The average brightness detec- 
tion circuit 311 selects a brightness mode which allows 
the PDP 10 to be driven to emit light at the brightness 
corresponding to the average brightness determined as 
mentioned above anx)ng the brightness modes that 
specify the light-emission period in each of the sub- 
fields, for exanrtple, brightness modes 1 to 4 shown in 
Fig. 14. Then, the average brightness detection circuit 
31 1 supplies the brightness mode signal LC that shows 
the brightness mode selected to the drive control circuit 
2. At this time, the drive control circuit 2 sets the number 
of sustain pulses in accordance with the mode specified 
by the brightness mode signal LC shown in Fig. 14, said 
sustain pulses being applied during the period of light- 
emission sustain at the light-emission sustain process 
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Ic in the sub-fields SF1 through SF14 shown in Fig, 3. 
that is, in the each light-emission sustain process Ic. 
That is, the period of light-emission at each sub-field 
shown in Fig. 3 shows the light-emission period when 
the brightness mode 1 is set. In the case where the 
brightness mode 2 is set, driving for emitting light is per- 
formed at each sub-field for the following period of light 
emission. That is, 
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[0060] Incidentally, in such a driving for emitting 
light, the ratio of the number of frequencies of light emis- 
sions at respective sub-fields SFl through SF14 is set 
non-1 inearly (that is, to the inverse Gamma ratio, 
Y=X ^"^ ). This allows the non-linear characteristics (the 
Gamma characteristics) of the input pixel data D to be 
compensated for. 

[0061] The average brightness detection circuit 31 1 
determines the average brightness based on such 
inverse Gamma converted pixel data Dr, said average 
brightness then being supplied to the aforementioned 
level adjustment circuit 310. 

[0062] The first data conversion circuit 32 in Fig. 1 1 
converts the brightness adjusted pixel data Dbl of 256- 
level gray scale (8 bits) into the converted pixel data 
HDp of 8 bits (0 to 224), which is the brightness 
adjusted pixel data Dqi_ multiplied by 14x16/255 
(224/255). in accordance with the conversion character- 
istics shown in Fig. 15. Then the first data conversion 
circuit 32 supplies the converted pixel data HDp to the 
multi-level gray scale processing circuit 33. Specifically, 
the 8-bit (0 to 255) brightness adjusted pixel data Dbl 'S 
converted in accordance with the conversion table, 
based on such conversion characteristics, shown in Fig. 
16 and Fig. 17. That is, these conversion characteristics 
are set in accordance with the number of bits of input 
pixel data, the number of compressed bits resulting 
from multi-level gray scale processing, and the number 
of gray scale levels for display. As such, the first data 
conversion circuit 32 is provided at the front stage of the 
multi-level gray scale processing circuit 33 which is to 
be described later, thereby allowing to perform conver- 
sion to the number of gray scale levels for display and 
the number of compressed bits resulting from multi-level 



gray scale processing. This allows the brightness 
adjusted pixel data Dbl to be divided at the bit boundary 
into the upper bit group (corresponding to multi-level 
gray scale pixel data) and lower bit group (data to be 

5 discarded, error data). In accordance with this signal, 
the multi-level gray scale processing is to be performed. 
This allows for prevertting the. occurrence of flat portions 
in the di^lay characteristics (that is, the occurrence of 
disorder in the gray scale level), said flat portions being 

w produced in the case of occurrence of brightness satu- 
ration resulting from the multi-level gray scale process- 
ing and absence of display levels of gray scale at a bit 
boundary. 

[0063] Incidentally, the lower bit group is discarded 
15 and thus the number of gray scale levels is reduced, 
however, the number of gray scale levels reduced is 
designed to be obtained in a quasi manner by the oper- 
ation of the multi -level gray scale processing circuit 33 
which is to be explained below. 
20 [0064] Fig. 18 is a view showing the internal config- 
uration of the multi-level gray scale processing circuit 
33. 

[0065] As shown in Fig. 18, the multi-level gray 
scale processing circuit 33 comprises the error diffusion 
25 processing circuit 330 and the dither processing circuit- 
350. 

[0066] First, the data separation circuit 331 of the 
error diffusion processing circuit 330 separates the 
lower 2 bits of the 8-bit converted pixel data HDp sup- 

30 plied by the aforementioned first data conversion circuit 
32 into error data and the upper 6 bits into display data. 
[0067] The adder 332 supplies, to the delay circuit 
336, an additional value obtained by adding the lower 2 
bits as error data of the converted pixel data HDp the 

35 delay output from the delay circuit 334, and a multiplica- 
tion output of the scale multiplier 335. The delay circuit 
336 causes the additional value supplied by the adder 
332 to be delayed by the delay time D of the same 
length of time as the clock period of the pixel data. 

40 Then, the delay circuit 336 supplies the additional value 
to the aforementioned scale multiplier 335 and the delay 
circuit 337 as the delay additional signal AD^, respec- 
tively. 

[0068] The scale multiplier 335 multiplies the afore- 
45 mentioned delay additional signal ADi by the predeter- 
mined coefficient (for example. "7/16") and then 
supplies the resultant to the aforementioned adder 332. 
[0069] The delay circuit 337 causes further the 
aforementioned delay additional signal ADt to be 
50 delayed by the time (equal to one horizontal scan period 
- the aforementioned delay time Dx4) and then supplies 
the resultant to the delay circuit 338 as the delay addi- 
tional signal AD2. The delay circuit 338 causes a further 
such delay additional signal AD2 to be delayed by the 
55 aforementioned delay time D and then supplies the 
resultant to the scale multiplier 339 as the delay addi- 
tional signal AD3. Moreover, the delay circuit 338 
causes further such delay additional signal AD2 to be 
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delayed by the aforementioned delay time Dx2 and then 
supplies the resultant to the scale multiplier 340 as the 
delay additional signal AD4. Still moreover, the delay 
circuit 338 causes a further such delay additional signal 
AD2 to be delayed by the aforementioned delay time 5 
Dx3 and then supplies the resultant to the scale multi- 
plier 341 as the delay additional signal AD5. 
[0070] The scale multiplier 339 multiplies the afore- 
mentioned delay additional signal AD3 by the predeter- 
mined coefficient Kg (for example, "3/16") and then 
supplies the resultant to the adder 342. The scale multi- 
plier 340 multiplies the aforementioned delay additional 
signal AD4 by the predetermined coefficient K3 {for 
example, "5/1 6T and then supplies the resultant to the 
adder 342. The scale multiplier 341 multiplies the afore- 
mentioned delay additional signal ADS by the predeter- 
mined coefficient K4 (for example, "1/16") and then 
supplies the resultant to the adder 342. 
[0071] The adder 342 supplies, to the aforemen- 
tioned delay circuit 334. the additional signal that has 
been obtained by adding the results of multiplication 
supplied by the aforementioned respective scale multi- 
pliers 339, 340, and 341 . The delay circuit 334 causes 
such an additional signal to be delayed by the afore- 
mentioned delay time D and then supplies the resultant 
signal to the aforementioned adder 332. The adder 332 
adds tiie aforementioned error data (lower two bits of 
the converted pixel data HDp), the delay output from the 
delay circuit 334, and the output of multiplication of the 
scale multiplier 335. In this case, the adder 332 gener- 
ates the carry-out signal Cq vi^ich is equal to logic "0" in 
absence of can-y and logic "1" in tiie presence of a carry 
and supplies the signal to the adder 333. 
[0072] The adder 333 adds the aforementioned dis- 
play data (upper 6 bits of the converted pixel data HDp) 
to the aforementioned can-y-out signal Cq and outputs 
the resultant as the 6-bit error diffusion processing pixel 
data ED. 

[0073] The operation of the error diffusion process- 
ing circuit 330 comprising as such is to be explained 
below. 

[0074] For example, in order to determine tiie error 
diffusion processing pixel data ED corresponding to a 
pixel G O.k) of the PDP 10 shown in Fig. 19, the respec- 
tive error data corresponding to each of a pixel G 0, k-1) 
to the left of such pixel G Q, k), a pixel G (j-l . to the 
upper left, a pixel G Q-L k) immediately above, and a 
pixel GQ-I, k+1) to the upper right, that is: 

Error data con-esponding to the pixel G (j. k-1), the 
delay additional signal AD^ 
Error data corresponding to tine pixel G O'L 
the delay additional signal AD3; 
Error data con-esponding to the pixel GQ-^,k), the 
delay additional signal AD4; and 
Error data corresponding to the pixel G 0-1. k-1), 
the delay additional signal AD5 



are respectively provided with weights of the predeter- 
mined coefficients through for addition. Subse- 
quently, the result of the addition is added by the error 
data corresponding to the lower two bits of the con- 
verted pixel data HDp that is, pixel G Q.k). Then, the 
carry-out signal Cq for one bit thus obtained is added to 
tiie display data corresponding to the upper six bits of 
the converted pixel data HDp that is, the pixel G Q, k) 
and the resultant is the error diffusion processing pixel 
data ED. 

[0075] The error diffusion processing circuit 330 
witii such a configuration interprets tiie upper 6 bits of 
the converted pixel data HDp as display data and the 
remaining lower 2 bits as en-OT data. The circuit also 
allows for adding the error data of the surrounding pixels 
(G G. k-1), G Q-1. k+1), GG-1, k). G (j-l. k-1)} by assign- 
ing weights thereto and the resultant is to be reflected to 
the aforementioned display data. This operation allows 
the brightness of the lower 2 bits at the original pixel {G 
Q, k)} to be expressed by the aforementioned surround- 
ing pixels in a quasi manner. Therefore, tiiis allows the 
display data of the number of bits less than 8 bits, that 
is, equal to 6 bits to express the levels of gray scale of 
brightness equivalent to those expressed by the afore- 
mentioned 8-bit pixel data. 

[0076] Incidentally, an even addition of these coeffi- 
cients of error diffusion to respective pixels would cause 
tiie noise resulting from error diffusion patterns to be 
visually noticed and thus produce an adverse effect on 
display quality. Accordingly, like the case of the ditiier 
coefficients to be described later, tiie coefficients K-t 
through K4 for error diffusion that should be assigned to 
the respective four pixels may be changed at each field. 
[0077] The dither processing circuit 350 applies tiie 
ditiier processing to tiie error diffusion processing pixel 
data ED supplied by the error diffusion processing cir- 
cuit 330, thereby generating the multi-level gray scale 
processing pixel data D^ whose number of bits Is 
reduced further to 4 bits, while maintaining the level of 
gray scale of the same brightness as the 6-bit error dif- 
fusion processing pixel data ED. Incidentally, tiie dither 
processing allows a plurality of adjacent pixels to 
express one intermediate display level. Take as an 
example the case of tiie display of halftone correspond- 
ing to 8 bits by using the display data of the upper 6 bits 
out of 8-bit pixel data. Four pixels adjacent to each other 
on the right and left, and above and below are taken as 
one set. Four dither coefficients a to d having values dif- 
ferent from each other are assigned to respective pixel 
data corresponding to each of the pixels in the set for 
addition. The dither processing is to produce four differ- 
ent combinations of intermediate display levels with four 
pixels. Therefore, even with the number of bits of the 
pixel data equal to 6 bits, tiie brightness levels of tiie 
gray scale available for display are 4 times, that is, half- 
tone display corresponding to 8 bits becomes available. 
[0078] However, an even addition of the ditiier pat- 
terns witii the coefficients a to d to respective pixels 



15 



20 



25 



30 



35 



.'40 



45 



50 



10 



19 



BP 1 020 838 A1 



20 



would cause the noise resulting from the dither patterns 
to be visually noticed and thus produce an adverse 
effect on display quality. Accordingly, the dither coeffi- 
cients a to d that should be assigned to respective four 
pixels are to be changed at each field. 5 
[0079] Fig. 20 is a view showing the internal config- 
uration of such a dither processing circuit 350. In Fig. 
20, the dither coefficient generation circuit 352 gener- 
ates four dither coefficients a. b, c, and d for &/ery four 
pixels adjacent to each other and supplies these coeffi- 
cients in sequence to the adder 351 . 
[0080] For example, as shown in Fig. 21 , the circuit 
generates four dither coefficients a. b, c, and d corre- 
sponding to four pixels respectively of pixel G G. I<) and 
pixel G (i. k+1) corresponding to the jth row. and pixel G 
0+1, k) and pixel G (j+1. k+1) coresponding to the 
Q+1)th row. At this time, the dither coefficient generation 
circuit 352 changes, for each field as shown in Fig. 21, 
the aforementioned dither coefficients a, b, c. and d that 
should be assigned to the respective four pixels. 
[0081] That is, dither coefficients a to d are 
assigned to the pixels at each field and generated 
repeatedly in a cyclic manner as shown below and sup- 
plied to the adder 351 . 
[0082] At the starting first field, 

pixel G (j, k), dither coefficient a, 
pixel G (j, k+1), dither coefficient b. 
pixel G G+1 . 1^. dither coefficient c, and 
pixel G (j+1 , k+1), dither coefficient d; 

at the subsequent second field, 

pixel G (j. k), dither coefficient b, 
pixel G G, k+1), dither coefficient a. 
pixel G ^. dither coefficient d. and 
pixel G {j+1. k+1), dither coefficient c; 

at the subsequent third field, 

pixel G (j, k), dither coefficient d, 
pixel G (j, k+1), dither coefficient c, 
pixel G 0+1 . k). dither coefficient b, and 
pixel G 0+1 . k+1), dither coefficient a; 

and, at the fourth field, 

pixel G 0. k), dither coeffiderrt c, 
pixel G 0. k+1), dither coefficient d. 
pixel G 0+1. k), dither coefficient a, and 
pixel G 0+1. kf 1), dither coefficient b; 

[0083] The dither coefficient generation circuit 352 
executes repeatedly the operation of the first to fourth 
fields mentioned above. That is, upon completion of 
generating the dither coefficients at the fourth field, the 
above-mentioned operation is repeated all over again 
from the aforementioned first field. 



[0084] The adder 351 adds the dither coefficients a 
to d which are assigned to respective fields as men- 
tioned above to respective error diffusion processing 
pixel data ED corresponding to the aforementioned 
pixel G 0. k), pixel G (j, k+1). pixel G 0+1. k), and pixel G 
0+1 , k+1) respectively, which are supplied by the afore- 
mentioned error diffusion processing circuit 330. The 
adder 351 then supplies the dither additional pixel data 
thus obtained to the upper bit extracting circuit 353. 
[0085] For example, at the first field shown in Fig. 

21 , each of the following data is supplied sequentially as 
the dither additional pixel data to the upper bit extracting 
circuit 353. 

[0086] That is. 

error diffusion processing pixel data ED corresponding 

to pixel G 0, k) + dither coefficient a, 

error diffusion processing pixel data ED corresponding 

to pixel G 0. k+1 ) + dither coefficient b. 

error diffusion processing pixel data ED corresponding 

to pixel G 0+1 , k) + dither coefficient c, and 

error diffusion processing pixel data ED corresponding 

to pixel G 0+1 , k+1) + dither coefficient d. 

[0087] The upper bit extracting circuit 353 extracts 

the bits up to the upper four bits of such dither additional 

pixel data and then supplies the data to the second data 

conversion circuit 34 shown in Fig. 1 1 as multi-level gray 

scale pixel data Dg. 

[0088] The second data conversion circuit 34 con- 
verts the multi-level gray scale pixel data into the 
converted pixel data (display pixel data) HD comprising 
the first to 14 bits corresponding to respective sub-fields 
SF1 through SF14 in accordance with the conversion 
table shown in Rg. 22. Incidentally, the multi-level gray 
scale pixel data Dg is the input pixel data D of 8 bits 
(256-1 evel gray scale) multiplied by 224/225 in accord- 
ance with the first data conversion (the conversion table 
of Fig. 16 and Fig. 17). Additionally, the data D^ is the 
input pixel data D whose two bits are compressed, for 
example, by the error diffusion processing and the multi- • 
level gray scale processing such as the dither process- 
ing into a total of 4 bits (15-level gray scale) of data. 
[0089] In the foregoing, the bit with logic level "1 " of 
the 1^* through 14*^ bit of the converted pixel data HD 
shows that the selective erase discharge is to be per- 
formed at the pixel data write process Wc. at the sub- 
fields SF corresponding to the bit. 
[0090] In the foregoing, the aforementioned con- 
verted pixel data HD corresponding to respective dis- 
charge cells of the PDF 10 is supplied to the address 
driver 6 via the memory 4. At this time, the format of the 
converted pixel data HD corresponding to a discharge 
cell always takes one of the 15 patterns shown in Fig. 

22. The address driver 6 assigns each of the 1 ®* through 
14*^ bits in the aforementioned converted pixel data HD 
to the respective sub-fields SFl through SF14. Then, 
only when the bit logic is logic level "1", the address 
driver 6 generates a high-tension pixel data pulse at the 
pixel data write process Wc in the associated sub-fieki 
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and supplies the pulse to the column electrodes D of the 
PDP 10. This allows for generating the aforementioned 
selective erase discharge. 

[0091] As mentioned above, the pixel data D of 8 
bits is converted into the converted pixel data HD of 14 
bits by means of the data conversion circuit 30. and thus 
the 'display of 15-level gray scale shown in Fig. 22 is 
implemented. In this case, the operation of the multi- 
level gray scale processing circuit 33 mentioned above 
allows the practical sense of sight to recognize the 
expression with 256-leveI gray scale. 
[0092] As mentioned above, the drive method 
shown in Fig. 3 through Rg. 22 first allows for generat- 
ing discharge for initializing all discharge cells only in 
the head sub-field within one field period into the light- 
emitting cells (in the case of enploying the selective 
erase discharge method) or the non-light-emitting cells 
(in the case of ennploying the selective write addressing 
method). Subsequently, only at the pixel data write proc- 
ess in either one of the sub-fields, respective discharge 
cells are set to non-light-emitting cells or light-emitting 
cells in response to pixel data. Moreover, at the light- 
emission sustain process of each sub-field, the only 
aforementioned light-emitting cells are allowed to emit 
light only for the period of light-emission corres|X}nding 
to the weight of the sub-field. According to this drive 
method using the selective erase addressing method, 
sub-fields from head to tail in one field turn into the light- 
emitting state in sequence as, the brightness to be dis- 
played increases. On the other hand, in the case of 
enploying the selective erase addressing method, the 
sub-fields are turned into the light-emitting state from 
the last to the top in one field as the brightness to be dis- 
played increases . 

[0093] Incidentally, in the aforementioned embodi- 
ment, the simultaneous reset operation is performed 
once in one field period, thereby allowing expression 
with the 15-1 eve! gray scale. However, it is possible to 
increase the number of gray scale levels by executing 
the simultaneous reset operation twice. 
[0094] Fig. 23 is a view showing a light-mission 
drive format developed in view of such a point. 
[0095] Incidentally, Fig. 23 shows the light-emission 
drive format to be applied in the case of employing the 
selective erase addressing method mentioned above as 
the pixel data write method. 

[0096] Even in the light-emission drive format 
shown in Fig. 23, one field period is also divided into 14 
sub-fields comprising the sub-fields SF1 through SF14. 
In each sub-field, the pixel data write process Wc for 
writing pixel data to set light-emitting cells and non-light- 
emitting cells and the light-emission sustain process Ic 
are performed. At this time, supposing that the light- 
emission period of the sub-fields SF1 is equal to "1 the 
light-emission period (the number of light emissions) at 
each light-emission sustain process Ic is set as follows. 
That is. 
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[0097] That is, the ratio of the number of light emis- 
sions of respective sub-fields SF1 through SF14 is set 
so as to be non-linear (that is, the inverse Gamma ratio, 
Y=X^'^), thereby allowing to compensate for the non- 
20 linearity (the Gamma characteristics) of the input pixel 
data D. 

[0098] Furthermore, of these respective sub-fields, 
the simultaneous reset process Rc Is performed at the 
head sub-field and the intermediate sub-field. 

25 [0099] That is. as shown in Fig. 23, the light-emis- 
sion drive using the selective erase addr^ing method 
. allows for performing the simultaneous reset process 
Rc at the sub-fields SF1 and SF7. Additionally, as 
shown in Fig. 23, the erase process E is executed for 

30 causing the wall charges remaining in all discharge cells 
to disappear in the last sub-field of one field and a sub- 
field immediately before the sub^ield where the simulta- 
neous reset process Rc is executed. 
[0100] In the light emission drive format shown in 

35 Fig. 23, the pulse width of the scan pulse SP is also set 
larger for sub-fields that occur earlier chronologically in 
the order of the sub-fields SF1 through SF14. Alterna- 
tively, the pulse voltage of the scan pulse SP is set 
larger for sub-fields that occur earlier chronologically in 

40 the order of the sub-fields SF1 through SF14, The pulse 
width Tsxi of the sustain pulse IPxi which is applied 
first to the row electrodes Xi to in each of the sub- 
fields SF1 through SF14 is made larger than any pulse 
widths T SX2 ^0 ^sxi of the subsequent sustain pulses 

45 IPx2 to IPxi- Moreover, the pulse width Tsvi of the sus- 
tain pulse IPyj which is applied finally to the row elec- 
trodes Yi to Yp in each of the sub-fields SF1 through 
SF14 is made larger than any pulse widths T gyi to 
TsYi-i of the previous sustain pulses IPyi to IPvi-i- P""'- 

50 thermore, the drive method shown in Fig. 6 through Fig. 
8 can be likewise applied to the light-emission drive for- 
mat shown in Fig. 21. 

[0101] Fig. 24 and Fig. 25 show an example of the 
conversion table to be used by the first data conversion 
55 circuit 32 shown in Fig. 11 in order to perform light-emis- 
sion drive in accordance with the light-emission drive 
format shown in Fig. 23. 

[0102] The first data conversion circuit 32 converts 
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the input brightness adjusted pixel data DBL of 256- 
level gray scale (8 bits) into the converted pixel data 
HDp of 9 bits (0 to 352). which is the brightness 
adjusted pixel data DBL multiplied by 22x16/255 
(352/255) in accordance with the conversion table 5 
shown in Fig. 24 and Fig. 25. Then the first data conver- 
sion circuit 32 supplies the converted pixel data HDp to 
the multi-level gray scale processing circuit 33. Like the • 
foregoing, the multi-level gray scale processing circuit 
33 compresses four bits of the converted pixel data HDp w 
to output the multi-level gray scale pixel data D^'of 5 bits 
(0to22). - 

[0103] At this time,, the second data conversion cir- 
cuit 34 shown in Fig. 11 converts the multi -level gray 
scale pixel data D^ of 5 bits into the converted pixel data is 
(display pixel data) HD of 14 bits in accordance with the 
conversion table shown in Fig. 26. 
[0104] In the foregoing, Fig. 26 is a view showing, 
respectively, the conversion table and all patterns of 
light-emission drive to be used by the second data con- 20 
version circuit 34 in the case of employing the afore- 
mentioned selective erase addressing method as the 
pixel data write method. 

[0105) As such, performing the drive shown in Fig. 
23 through Fig. 26 allows expression with 23 levels of 25 
halftone with the following light-emission brightness that 
is also shown In Fig. 26. That is. 
{0, 1. 2. 3. 6, 9. 17, 22, 30, 37, 45, 57, 65, 82. 90. 113. 
121, 150, 158, 195. 206. 245, 256}. 
[0106] As mentioned above, the drive method 30 
shown in Fig. 23 through Fig. 26 allows for dividing the 
sub-fields of one field period into two sub-field groups 
connprising a plurality of sub-fields disposed continu-. 
ously one after another. In the case of employing the 
selective erase addressing method, the drive method 3S 
allows for dividing the sub-fields into the sub-field group 
comprising the sub-fields SF1 through SF6 and the sub- 
field group comprising sub-fields SF7 through SF14 as 
shown in Fig. 23. At this time, the drive method allows 
for generating discharge for initializing ail discharge 40 
cells into the light-emitting cells by executing the simul- 
taneous reset process Rc. respectively, only in the head 
sub-fieid of each sub-field group. In the foregoing, only 
at the pixel data write process in either one of sub-fields 
of respective sub-field groups, discharge cells are set to 45 
non-light-emitting cells- or light-emitting cells in 
response to pixel data. Moreover, at the light-emission 
sustain process of each sub-field, the only aforemen- 
• tioned light-emitting cells are allowed to emit light only 
for the period of light-emission corresponding to the so 
weight of the sub-fietd. Accordingly, the simultaneous 
reset operation and the selective erase operation are 
performed once, respectively, in each of the sub-field 
groups. According to this drive method using the selec- 
tive erase addressing method, sub-fields from head to ss 
tail in each of the sub-field groups turn into a light-emit- 
ting state in sequence as the brightness to be displayed 
increases. 



[0107] Incidentally, the above-mentioned light- 
emission drive patterns shown in Fig. 22 and Fig. 26 
allow simultaneous application of the scan pulses SP 
and the high-tension pixel data pulses to generate the 
selective erase discharge in either one of the pixel data 
write processes Wc in the sub-fields SF1 through SFU. 
[0108] However, if only a small amount of charged 
particles remain in a discharge cell, the selective erase 
discharge may not be generated normally even when 
these scan pulses SP and high-tension pixel data 
pulses are applied simultaneously, thereby possibly dis- 
abling the wall charges in the discharge cells to disap- 
pear. In this case, light-emission is performed 
corresponding to the maximum brightness even if the 
A/D-converted pixel data D are those showing low 
brightness, thereby presenting a problem of significantly- 
reducing picture image quality. 
[01 09] For example, in the case where the selective 
erase addressing method is employed as the pixel data 
write method and the converted pixel data HD is 
[01000000000000], 

as shown with the black circles of Fig. 22, the selective 
erase discharge is performed only at the sit>-f ields SF2 
and the discharge cell is changed into a non -light-emit- 
ting cell at this time. This is expected to allow the sus- 
taining light-emission to be performed only in SF1 of the 
sub-fields SF1 through SF14. However, if the selective 
erase fails in the sub-fields SF2 and wall charges 
remain in the discharge cells, the sustaining light-emis- 
sion is performed not only in the sub-fields SF1 but also 
in the subsequent sub-fields SF2 through SF14. so that 
the display with' the maximum brightness is executed. 
[01 1 0] Therefore, the present invention allows for 
preventing such erroneous light-emitting operation by 
employing the light-emission drive patterns shown in 
Fig. 27 to Rg. 30. 

[0111] Fig. 27 through Fig. 30 are views showing 
examples of the light-emission drive patterns for pre- 
venting such erroneous light-emission operation and 
the conversion tables to be used by the second data 
conversion circuit 34 when such a light-emission drive is 
performed. 

[0112] In the foregoing. Fig. 27 through Fig. 29 
show all patterns of light-emission to be executed in 
accordance with the light-emission drive formats shown 
in Fig. 3 where the simultaneous reset process Rc is 
provided only once in one field period, respectively. The 
figures also show an example of the conversion table to 
be used by the second data conversion circuit 34 for 
driving the light-emission, respectively. Incidentally, Rg. 
27 through Fig. 29 show a pattern of light-emission pat- 
terns to be executed in accordance with the light-emis- 
sion drive format when the selective erase addressing 
method shown in Fig. 3 is employed, respectively. 
[0113] In addition. Fig. 30 shows all patterns of 
light-emission to be executed in accordance with the 
light-emission drive format shown in Fig. 23 where the 
simultaneous reset process Rc is provided twice in one 
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field period. The figure also shows an example of the 
conversion table to be used by the second data conver- 
sion circuit 34 for driving the light-emission. 
[0114] In the foregoing, the above-mentioned light- 
emission drive patterns shown in Fig. 27 through Fig. 30 
allow the selective erase discharge to be performed 
successively at the pixel data write process Wc in each 
of the two successive sub-fields as shown with the black 
circles in the figures. 

[01 15] According to the foregoing operation, even if 
the first selective erase discharge is not successful to 
cause the wall charges in the discharge cells to disap- 
pear in a normal manner, the second selective erase 
discharge is performed to allow the wall charges to dis- 
appear normally. Thus, the above-mentioned eroneous 
sustaining light-emission is prevented. 
[0116] Incidentally, these two-time selective erase 
discharges need not to be performed in successive sub- 
fields. To sum up, the second selective erase discharge 
may be preferably performed in any one of the sub- 
fields occurring after the completion of the first selective 
erase discharge. 

[0117] Rg. 28 is a view showing an example of the 
iight-emission drive pattern and the conversion table of 
the second data conversion circuit 34, which are devel- 
oped in view of such a point 

[01 18] The example shown in Fig. 28 is intended to 
perform the second selective erase discharge at the 
next sub-field but only after the first selective erase dis- 
charge has been performed, as shown with the black 
circles of the figure. 

[0119] Furthermore, the number of frequencies of 
the selective erase discharges within one field period is 
not limited to two times. 

[0120] Rg. 29 is a view showing an example of the 
light-emission drive pattern and the conversion table of 
the second data conversion circuit 34. which are devel- 
oped in view of such point. 

[0121] Incidentally, the shown in Fig. 29 shows 
that the logic level can be either T or "0", while the tri- 
angular marks show that the selective erase discharge 
is performed only when the takes logic "1 " level. 
[0122] To sum up. since the initial selective erase 
discharge may fail to write pixel data, the selective erase 
discharge is performed again in at least one of the sub- 
fields occuring thereafter, thereby ensuring writing of 
pixel data. 

[0123] As described above, the drive method of a 
plasma display panel of the present invention allows for 
providing improved contrast with low power consump- 
tion while allowing to prevent quasi-contours. and pro- 
viding improved display quality by stabilizing the 
selective erase discharge. 

Claims 

1 . A method for driving a plasma display panel to per- 
form gray scale display, said plasma display panel 



comprising pairs of row electrodes arrayed for each 
scan line and a plurality of column electrodes 
arrayed intersecting said respective row electrodes, 
wherein respective discharge cells are formed cor- 

5 responding to respective pixels at respective inter- 
sections of pairs of said row electrodes for said 
respective scan lines arxl said plurality of column 
. electrodes, and wherein N, sub-fields form a display 
period of one field, with M (2 ^ M ^ N) sub-fields 

10 appearing successively within said N sub-fields 
being taken as a sub-field group, 

said method for driving a plasma display panel 
comprising: 

15 a reset step for generating. discharge for initial- 

izing all said discharge celts into a light-emitting 
cell state only in a head sub-field in said sub- 
field group, 

a pixel data writing step for applying pixel data 
20 pulses to said column electrodes for generating 

discharge to set said discharge cells to non- 
light-emitting cells in any one of the sub-fields 
within said one field and for applying scan 
pulses to one of said pair of row electrodes in 
25 synchronization with the pixel data pulses, and 

a light-emission sustaining step for generating 
discharge for causing only said light-emitting 
cells to emit light only for a light-emission 
period con-esponding to a weight of said sub- 
30 field in respective sub-fields within said sub- 

field group, wherein 

sub-fields of a plurality of sub-groups classified 
according to pulse waveforms of said scan 
pulses of respective sub-fields exist in said 

35 sub-field group and at least one of the pulse 

widths and pulse voltages of said scan pulses 
within sub-fields belonging to a first sub-group 
including at least a head sub-field of said sub- 
field group is set larger than respective values 

40 of the same of said scan pulses within a sub- 

field belonging to another sub-group. 

2. The method for driving a plasma display panel 
according to Claim 1 , wherein said pixel data writ- 
45 ing step is executed by the same operation both in 
any one of the sub-fields in said sub-f iekj group and 
in at least one sub-field occurring chronologically 
after one of the sub-fields. 

50 3. The method for driving a plasma display panel 
according to Claim 2, wherein said pixel data writ- 
ing step is executed by the same operation both in 
any one of the sub-fields in said sub-field group and 
in a sub-field occurring chronologically immediately 

55 after one of the sub-fields. 

4. The method for driving a plasma display panel 
according to Claim 1 , wherein said sub-field group 
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field, wherein 

at least one of the pulse widths and pulse volt- 
ages of said sustain pulses to be applied finally 
at said light-emission sustaining step is set 
5 larger than the pulse widths and pulse voltages 

of said sustain pulses to be applied at some 
midpoint in the same light-emission sustaining 
step. 

10 9. A method for driving a plasma display panel to per- 
form gray scale display, said plasma display panel 
comprising pairs of row electrodes an-ayed for each 
scan line and a plurality of column electrodes 
arrayed intersecting said respective row electrodes, 

IS wherein respective discharge cells are formed cor- 
responding to respective pixels at respective inter- 
sections of pairs of said row electrodes for said 
respective scan lines and said plurality of column 
electrodes, and wherein N (N is an integer equal to 

20 2 or more) sub-fields form a display period of one 
field, with M (2 :£ M ^ N) sub-fields occurring suc- 
cessively within said N sub-fields being taken as a 
sub-field group. 



conprises said N sub-fields. 

5. The method for driving a plasma display panel 
according to Claim 1 , wherein in a sub-field occur- 
ring finally chronologically in said sub-field group, a 
step for applying an erase pulse to one of said 
respective row electrodes in order to generate dis- 
charge for setting all said discharge cells to non- 
light-emitting cells after said light-emission sustain- 
ing step. 

6. The method for driving a plasma display panel 
according to Claim 1. wherein wall charges are 
formed in all said discharge cells in said reset step, 
and said wall charges are selectively erased by 
applying said pixel data pulse and said scan pulse 
in said pixel data writing step. 

7. The method for driving a plasma display panel 
according to Claim 4, wherein in respective n (n=0 
to N) sub-fields successive from the head of said N 
sub-fields in said sub-field group, N+1 gray scale 
drive is performed by sustaining said light-emitting 
cells. 

8. A method for driving a plasma display panel to per- 
form gray scale display, said plasma display panel 
comprising pairs of row electrodes arrayed for each 
scan line and a plurality of column electrodes 
arrayed intersecting said respective row electrodes, 
wherein respective discharge cells are formed cor- 
responding to respective pixels at respective inter- 
sections of pairs of said row electrodes for said 
respective scan lines and said plurality of column 
electrodes, and wherein N (N is an integer equal to 
2 or more) sub-fields form a display period of one 
field, 

said method for driving a plasma display pane) 
comprising: 

a reset step for generating discharge for initial- 
izing all said discharge cells into a light-emitting 
cell state only in said head sub-field in said one 
field. 

a pixel data writing step for applying pixel data 
pulses to said column electrodes for generating 
discharge to set said discharge cells to non- 
light-emitting cells in any one of the sub-fields 
within said one field and for applying scan 
pulses to one of said pair of row electrodes in 
synchronization with the pixel data pulses, and 
a light-emission sustaining step for applying 
sustain pulses to said row electrodes alter- 
nately and sequentially in order to generate 
discharge for causing only said light-emitting 
cells to emit light only for a light-emission 
period corresponding to a weight of said sub- 
field in respective sut>-fields within said one 



25 said method for driving a plasma display panel 

comprising: 

a reset step for generating discharge for initial- 
izing all said discharge cells into a light-emitting 
cell state only in said head sub-field in said 

30 sub-fieid group. 

a pixel data writing step for applying pixel data 
pulses to said column electrodes for generating 
discharge to set said discharge cells to non- 
light-emitting cells in any one of the sub-fields 

35 within said sub-field group and for applying 

scan pulses to one of said pair of row elec- 
trodes in synchronization with the pixel data 
pulses, and 

a light- emission sustaining step for applying 
40 sustain pulses to said row electrodes alter- 

nately and sequentially in order to generate 
discharge for causing only said light-emitting 
cells to emit light only for a light-emission 
period corresponding to a weight of said sub- 
45 field in respective sub-fields within said sub- 

field group, 

said drive method wherein 
at least one of the pulse widths and pulse volt- 
ages of said sustain pulses to be applied finally 
50 at respective light-emission sustaining stepes 

in said sub^ield group is set larger than the 
pulse widths and pulse voltages of said sustain 
pulses to be applied at some midpoint in the 
same light-emission sustaining step. 

55 

10. The method for driving a plasma display panel 
according to claim 9, wherein at least one of the 
pulse widths and pulse voltages of said sustain 
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pulses to be applied finally at a light-emission sus- 
taining step of a sub-field occurring later chronolog- 
ically in said $ub-field group is set larger than the 
pulse widths and pulse voltages of said sustain 
pulses to be applied at some midpoint in the same 5 
light-emission sustaining step. 

11. The method for driving a plasma display panel 
according to Claim 10, v^erein at least one of the 
pulse widths and pulse voltages of said sustain 10 
pulses to be applied at light-emission sustaining 
stepes of a sub-field occurring earlier chronologi- 
cally in said sub-field group is set larger than the 
pulse widths and pulse voltages of said sustain 
pulses to be applied at some midpoint in a light- is 
emission sustaining step of a sub-field occurring 
later chronologically in said subfield group. 

12. The method for driving a plasma display panel 
according to Claim 10, wherein at least one of the 20 
pulse widths and pulse voltages of said sustain 
pulses to be applied finally at light-emission sus- 
taining stepes of a sub-field occun-ing earlier chron^ 
ologically In said sub-field group is set larger than 
the pulse widths and pulse voltages of said sustain 25 
pulses to be applied finally in a light-emission sus- 
taining step of a sub-field occurring later chronolog- 
ically in said sub-field group. 

13. The method for driving a plasma display panel so 
according to Claim 9, wherein respective sub-fields 
within said sub-field group form a plurality of sub- 
groups and at least one of the pulse widths and 
pulse voltages of said scan pulses within sub-fields 
belonging to a first sub-group including at least a 35 
head sub^f ield of said sub-field group is set larger 
than respective values of the same of said scan 
pulses within a sub-field belonging to another sub- 
group. 

40 

14. The method for driving a plasma display panel 
according to Claim 8, wherein said pixel data writ- 
ing step is executed by the same operation both in 
any one of the sub-fields in said sub-field group and 

in at least one sub-field occurring chronologically 45 
after one of the sub-fields. 

15. The method for driving a plasma display panel 
according to Claim 14. wherein said pixel data writ- 
ing step is executed by the same operation both in so 
any one of the sub-fields in said sub-field group and 

in a sub-field occurring chronologically immediately 
after one of the sub-fields. 

16. The method for driving a plasma display panel ss 
according to Claim 9, wherein said sub-field group 
comprises said N sub-fields. 



17. The method for driving a plasma display panel 
according to Claim 16, wherein in said sub-field 
group, brightness is increased, in addition to a sub- 
field allowed at the first-level gray scale for emitting 
light at the second-level gray scale lower by one 
level than said first-level gray scale, by allowing 
another sub-field to be operated to emit light. 

18. The method for driving a plasma display panel 
according to Claim 9. wherein in a sub-field occur- 
ring finally chronologically in said sub-field group, a 
step for applying an erase pulse to one of said 
respective row electrodes in order to generate dis- 
charge for setting ajl said discharge cells to non- 
light- emitting cells after said light-emission sustain- 
ing step. 

19. The method for driving a plasma display panel 
according to Claim 9, wherein wall charges are 
formed in all said discharge celts in said reset step, 
and said wall charges are selectively erased by 
applying said pixel data pulse and said. scan pulses 
in said pixel data writing step. 
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